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0 Synchronizing arrangement for a planetary gear. 

0 In a planetary gear (1) witn an axlally dlspiace- 

able ring wheel (24), whicli can be coupled together 
with coupling rings (10,19) on either side of the 
planetary gear (1), synchronization rings (16,23) are 
arranged with external locking teeth. The ring wheel 
(24) is designed at Its axial ends with a number of 
recesses (30), each accommodating locking bodies 



(31) which are spring-loaded in the radial direction 

and which bear against the synchronization rings 
(16,23) and which, during gear change movements, 
come to bear against shoulders (38) on the synchro- 
nization rings (16,23) in order to transmit axial force 
action to the synchronization ring (16,23) In question. 



33 31 30 2U 33 




FIG 1 Best Available Copy 



3/10/05, EAsf"Ve?sionT 2.0.1.4 



1 EP 0 423 863 A1 2 

SYNCHRONIZATION ARRANGEMENT FOR A PLANETARY GEAR 



The present invention relates Xo a synchroniza* 
tion anrangement in accordance with the preamble 
of attached Patent Claim 1. 

In transmission systems for heavy-duty vehi- 
cles, for example lonies. it is known to connect a 
supplementary gearbox to the main gearbox of the 
vehicle for the purpose of doubling the number of 
gear change possibilities. Such a supplementary 
gearbox usually comprises a planetary geari by 
means of which the gear change possibilities of the 
drive unit can be divided into a low gear range and 
a high gear range. In the low gear range use is 
made of gear changing in the planetary gear, while 
in the high gear range no gear changing takes 
place in the planetary gear. 

it is also known to design such planetary gears 
with synchronization anrangements for the purpose 
of facilitating gear changing during running. The 
positioning of the synchronization arrangements 
and the coupling members necessary for tiie gear 
change manoeuvring may vary. 

In one embodiment, which is advantageous 
from the point of view of power distribution, the 
ring wheel of the planetary gear constitutes a cou- 
pling muff which, by means of axial displacement, 
can be brought into engagement with coupling 
rings on axially either side of the planetary gear. 
An embodiment of this type is described in greater 
detail in Swedish Patent Specification SE 453,379 
(and conresponding specifications US 4,821,591 
and EP 0,239,555). 

In this embodiment, a number of tangentiatly 
directed springs effect a rotation, limited relative to 
the ring wheel, of the synchronization rings in such 
a way that locking teeth arranged on these assume, 
during a synchronization phase, a position which 
locks the gear movement. 

In contrast when synchronous rotation has 
been achieved, it is possible, under tiie counterac- 
tion of the springs, to turn the synchronization rings 
and move the ring wheel/coupling sleeve axially for 
coupling togetiier with a coupling ring. 

One disadvantage of this embodiment is tfiat 
the springs act only in one direction, and as a 
result of this a predetermined direction of rotation 
is assumed. When the planetary gear Is used as 
illustrated as a supplementary gearbox, this means 
that synchronization is only possible when driving 
foprt^ards and. therefore, not when reversing. The 
possibilities of using a planetary gear of tiiis type in 
otiier applications are limited, for example in a 
gearbox consisting of several planetary gears with 
alternating directions of rotation. This known plan- 
etary gear is also disadvantageous from the manu- 
facturing and assembly point of view, which also 



means that It is a relatively expensive solution. 

Patent Application SE 7807692*4 describes an* 
otiier embodiment in which each of Uie synchro- 
nization rings is connected to a plate collar de- 
5 signed with axial, resilient tongues. These tongues 
engage In internal circumferential grooves in tiie 
ring wheel and are intended, on the one hand, to 
connect the ring wheel to tiie respective synchro- 
nization ring witti a locking effect and, on tiie other 
70 hand, to dampen relative vibratory movements be* 
tween the ring wheel and the synchronization rings. 
The formation of grooves in the ring wheel en- 
croaches on its cog tracks, which must therefore 
be made correspondingly larger In tiie axial direc- 
ts tion, and this means that the dimensions of the 
whole transmission increase in the axial direction. 

Patent Specification DE 1,750,546 describes 
another embodiment In which the synchronization 
rings are designed with a number of radial shoul- 
20 ders engaging recesses formed for this purpose on 
the inside of the ring wheel. By means of designing 
the recesses with a longer extent than the shoul- 
ders in the peripheral direction, the synchronization 
rings are afforded a certain possibility of rotation 
25 relative to tiie ring wheel. However, no further de- 
tails are given on how this relative rotation possibil- 
ity takes place. The formation of tiie internal reces- 
ses in the ring wheel limits the ring wheel cogs to a 
corresponding extent In order to ensure engage- 
30 ment between ring wheel and planet wheels under 
all circumstances, the recesses must be positioned 
at a sufficient distance axially from the planet 
wheels. This results in the ring wheel having a tong 
axial extent. 

35 In both the abovementioned embodiments tiie 
ring wheel can be connected to the output shaft in 
order to obtain direct gear. This is disadvantageous 
from tfie point of view of power distribution since 
the gear is then subjected internally to high forces. 

40 The aim of the present invention is to provide a 
synchronization arrangement for a planetary gear 
which does not have the abovementioned disad- 
vantages of the known solutions. The invention 
therefore relates to a planetary gear which is ad- 

45 vantageous from the point of view of power dis- 
tiibution, permits a short axial length, permits syn- 
chronized gear changing Independentiy of tiie di- 
rection of rotation, permits simple and inexpensive 
manufacture and assembly and also prevents gear 

50 changing from being carried out completely before 
synchronous running has been obtained. These 
aims are achieved according to the invention by 
virtue of the fact that the planetary gear is de- 
signed with the features mentioned in attached 
Patent Claim 1. 
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By means of arranging the locking bodies ac- 
cording to the Invention In recesses in the ring 
wheel, it is possible, during gear movements, to 
obtain an axial power transmission from the ring 
wheel to the synchronization ring in question, which 
is then turned in a manner known per se in such a 
way that its locking teeth prevent gear movement 
until synchronous rotation has been obtained. The 
machining necessary to form the recesses Is sim- 
ple and can be carried out at low cost In conven- 
tional machine tools. Similarly, the components In- 
cluded are of simple design, which all in all means 
that the whole arrangement is inexpensive. By vir- 
tue of the fact that the recesses are fonmed directly 
in the ring wheel, no extra space is required either 
in the axial or radial direction, which means that the 
whole planetary gear can be made compact 

Further features and advantages of the inven- 
tion will emerge from the following illustrative de- 
scription of an advantageous embodiment of the 
invention. In the description, reference is made to 
the attached drawings, in which 

Rgure 1 shows an axial longitudinal section of a 
planetary gear according to the invention, 
Rgure 2 shows a diagrammatic view of coop- 
erating coupling teeth for synchronization and 
coupling, and 

Rgure 3 shows a radial partial section of the 

ring wheel of the planetary gear. 
A planetary gear 1 according to the invention is 
illustrated here by a supplementary gearbox In- 
tended to be connected to a main gearbox in a 
heavy-duty vehicle, such as a lorry or a bus. The 
supplementary gearbox comprises a gearbox hous- 
ing accommodating the planetary gear 1 , which Is 
arranged between an input shaft 2 from the main 
gearbox and an output shaft 3 from the supplemen- 
tary gearbox. 

A sun wheel 5 fonning part of the planetary 
gear 1 is arranged on the input shaft 2 In a 
rotationally fixed manner by moans of spline con- 
nections 4, this sun wheel 5 being designed with 
external teeth 6 which engage in five sun'ounding 
planet wheels 7. Each planet wheel 7 is mounted 
on a tubular axle spindle 8 connected to a planet 
wheel carrier 9. This planet wheel carrier 9 is 
integral with the output shaft 3 of the planetary 
gear 1. A coupling ring 10 which is designed with 
external coupling teeth 11. is also arranged in a 
rotationally fixed manner on the sun wheel 5 by 
means of teeth engagement. The coupling ring 10 
is positioned axially to the sun wheel 5 between a 
bevelled edge 12 of the sun wheel 5 and a support 
ring 13 arranged on the input shaft 2. The coupling 
ring 10 is also designed with a radially outward- 
directed conical friction surface 14 which is de- 
signed to cooperate with a corresponding inward- 
directed conical friction surface 15 on a synchro- 



nization ring 16. 

The gearbox housing consists of two halves 
and in the dividing plane between them there Is 
secured, by means of a number of guide pins and 

5 bolt connections, an annular reaction plate 17 
which is designed with a centre hole. At the said 
centre hole a coupling ring 19 designed with exter- 
nal coupling teeth 20 is arranged by means of a 
weld connection 18. The coupling ring 19 is also 

10 designed with an outward-directed conical friction 
surface 21 which is designed to cooperate with a 
corresponding Inward-directed conical friction sur- 
face 22 on a synchronization ring 23. This synchro- 
nization ring 23 Is designed Identical to the pre- 

75 viously mentioned synchronization ring 16, these 
synchronization rings 16,23 being arranged in the 
gearbox in a mirror image relative to each other 
axially on either side of the planet wheels 7. These 
are sun'ounded in a conventional manner by a ring 

20 wheel 24 which is designed with Internal teeth 25 
engaging in the planet wheels 7. In addition, the 
ring wheel 24 Is designed with internal coupling 
teeth 26.27 at its axial ends, which are designed to 
cooperate with the couplirig teeth 11,20 of the 

25 coupling rings 10,19. It Is advantageous if, as is 
shown in Rgure 2, the coupling teeth 26.27 and the 
teeth 25 of the ring wheel 24 are Integral with each 
other. 

The ring wheel 24 is mounted displaceable in 

30 the axial direction relative to the planet wheels 7. 
The ring wheel 24 is designed on the outside with 
an annular groove 28 In which a coupling fork (not 
shown) engages In order to give the ring wheel 24 
an axial displacement during gear changing. The 

36 ring wheel 24 is also designed at each of its axial 
ends with an even number of recesses, for exam- 
ple twelve, which are here Illustrated as radial holes 
30 which are distributed In pairs at uniform angles 
around the periphery of the ring wheel 24, as 

40 shown In Rgure 3. Each hole 30 accommodates a 
locking body, advantageously In the form of a ball 
31. Each ball 31 Is pressed radially inwards under 
the action of a spring member. In this example, the 
spring member is an essentially tangentially-direct- 

45 ed plate spring 33, which at its respective ends 
bears against two balls 31 lying close to each 
other. The plate spring 33 Is secured at its middle 
by means of an axial key 34 accommodated In an 
axial hole 35 anranged for this purpose In the ring 

50 wheel 24. In this example, in which there are twelve 
balls 31 at each end of the ring wheel 24, there are 
therefore six plate springs 33 at each end of the 
ring wheel 24. 

As also emerges from Rgure 3, the holes 31 in 

56 the ring wheel 24 are oriented In the centre of the 
tooth apertures 36. In addition, the holes 30 are 
designed with a bottom 32 which holds the balls 31 
in the respective hole 30, but which nevertheless 
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allows part of the respective ball 31 to project out 
into the corresponding tooth aperture 36, At the 
tooth apertures 36, which In this way are designed 
with balls 31. the two synchronization rings 16,23 
are designed with axially extending bars 37. How- 
ever, these bars 37 have a narrower profile shape 
than the respective tooth aperture 36, and this 
means that the synchronization rings 16.23 can 
move relative to the ring wheei 24 with a certain 
rotatable play. 

In the radial direction, the respective bars 37 of 
the synchronization rings 16,23 have a shoulder 38 
which divides an axially inner part 39 from an 
axially outer part 40. As can be seen in Rgure 1. 
the inner part 39 has a smaller radius than the 
outer part 40. In the mounted state, as seen in 
Rgure 1 . the balls 31 bear under the action of the 
plate spring 33 against the bars 37 of each syn- 
chronization ring 16,23. The balls 31 on the right- 
hand side bear against the inner part 39 of the 
right-hand synchronization ring 23, while the balls 
31 on the left-hand side bear against the outer part 
40 of the left-hand synchronization ring 16. 

The synchronization rings 16,23 are moreover 
designed with external locking teeth 41.42 which, 
during the synchronization procedure, in a conven- 
tional manner lock the gear-change movement until 
synchronous rotation has been achieved. The lock- 
ing teeth 41,42 have a pointed shape at their axial 
surfaces facing towards the ring wheel 24 and are 
designed with oblique edges 43,44, but othenrt/lse 
have the same profile shape as the Intemal tooth 
apertures 36 of the ring wheei 24. 

The function of the planetary gear 1 described 
is as follows. Figures 1 and 2 show the planetary 
gear 1 with its high gear range engaged. The left- 
hand coupling teeth 26 of the ring wheel 24 engage 
with the coupling teeth 11 on the left-hand coupling 
ring 10, the ring wheel 24 being coupled In a 
rotationally fixed manner to the sun wheei 5 and 
the input shaft 2. The output shaft 3 thus comes to 
rotate at the same speed as the input shaft 2. 
When engaging the low gear range of the planetary 
gear 1, the ring wheei 24 is displaced axially by 
means of the coupling fork engaging In the groove 
28. In Rgures 1 and 2, this displacement Is effec- 
ted to the right. Assuming that the change of gear 
from the high gear range to the low gear range Is 
carried out during running, in the high gear range 
the ring wheel 24 rotates at a certain speed, while 
the right-hand coupling ring 19, which Is connected 
in a fixed manner to the gearbox housing, does not 
rotate. 

Before the low gear range can be engaged, the 
rotation of the ring wheel 24 must be braked. In the 
high gear range the rotation of the ring wheel 24 is 
assumed to have a direction corresponding to an 
upward movement in Rgure 2. Upon displacement 



of the ring wheel 24 towards the right in Figure 2, 
after a certain displacement the coupling teeth 26 
of the ring wheel 24 on the left-hand side are 
disengaged from the left-hand coupling ring 10 

5 and, thus, disengaged from the input shaft 2. At the 
same time the balls 31 on the right-hand side of 
the ring wheel 24, which during the start of the 
gear-change process bear against the Inner part 39 
of the respective bar 37 of the right-hand synchro- 

70 nization ring 23, come to bear against the respec- 
tive shoulder 38 on the synchronization ring 23. In 
this way the ring wheel 24 exerts via the balls 31 
an axial force on the synchronization ring 23, which 
results in its conical friction surface 22 coming to 

75 bear in a sliding manner against the corresponding 
friction surface 21 on the right-hand coupling ring 
29. The synchronization ring 23 Is thus subjected 
to a braking moment, which means that it is tumed 
relative to the ring wheel 24 to a position in which 

20 the locking teeth 42 on same block the continued 
axial displacement of the ring wheel 24. When the 
coupling teeth 27 of the ring wheei 24 come to 
bear In this way In a locking manner against the 
locking teeth 42 of the synchronization ring 23, the 

25 ring wheel 24 is also subjected to a braking mo- 
ment. 

After synchronous rotation has been achieved 
or, as is the matter under consideration here, the 
rotation of the ring wheel 24 has been braked 

30 completely, the axial force which the coupling teeth 
27 of the ring wheel 24 exert on the bevelled side 
surfaces 43,44 of the locking teeth 42 is sufficient 
to turn the ring wheel 24 to a position in which the 
locking teeth 42 fit into the tooth apertures 36 of 

35 the ring wheel 24 and no longer prevent the axial 
movement of the ring wheel 24. The ring wheel 24 
can thus be axially displaced to engage with the 
coupling ring 19 and Is coupled together in a 
rotationally fixed manner with the gearbox housing. 

40 The low gear range of the planetary gear 1 is thus 
engaged and achieves in a manner known per se a 
gear change between the input shaft 2 and the 
output shaft 3. 

The change from the low gear range back to 

45 the high gear range is effected In an analogous 
manner by means of the ring wheel 24 being 
displaced towards the left in Rgures 1 and 2. If the 
gear change takes place during running, it is nec- 
essary to accelerate the ring wheel 24 to the same 

50 rotational speed as the input shaft 2. Similarly to 
what is stated above, it is assumed that the input 
shaft 2 rotates In a direction which in Rgure 2 
con^esponds to an upward movement. Thus, in the 
low gear range, the left-hand coupling ring 10 

55 rotates, while the ring wheel 24 does not rotate. 
When the ring wheel 24 is displaced towards the 
left, the locking teeth 41 of the left-hand synchro- 
nization ring 16 lock the displacement of the ring 
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wheel 24 until synchronous rotation has been 
achieved. During the initial stage of the synchro- 
nization procedure, the balls 31 on the left-hand 
side of the ring wheel 24 bear against the cor- 
responding shoulder 38, with the result that the 
synchronization ring 16, by means of a sliding 
bearing between the friction surfaces 14,15 of the 
synchronization ring 16 and the coupling ring 10, is 
subjected to a monnent which twists the synchro- 
nization ring 16 into a locking position. 

After synchronous rotation has been achieved, 
the synchronization ring 16 and the ring wheel 24 
rotate at the same speed as the coupling ring 10. 
The synchronization ring 16 can in this way be 
turned relative to the ring wheel 24 into a non- 
locking position which allows the ring wheel 24 to 
be axially displaced and coupled to the coupling 
ring 10. 

The moments which, during the gear change 
procedure, act on the two synchronization rings 
16,23 are always directed in the same direction for 
each synchronization ring 16,23 provided that the 
direction of rotation of the input shaft 2 is always 
the same. This is the case when driving forwards. 
In contrast, when reversing, the input shaft 2 
rotates in tiie opposite direction, and the directions 
of rotation described are thus reversed. 

In order to permit synchronized gear changing 
botii when driving forwards and backwards, it is 
necessary for the oblique edges 43.44 of the lock- 
ing teeth 41.42 to be designed symmetrical, and as 
shown in attached Rgure 2. In alternative embodi- 
ments of the invention, where synchronization is 
only required In one direction of rotation, It Is 
possible to use locking teeth whose edges 43,44 
are designed asymmetrical. 

The planetary gear 1 according to the invention 
is advantageous from the manufacturing point of 
view. The necessary machining of the ring wheel 
24 can be carried out easily in conventional ma- 
chine tools. Likewise, tiie assembly is simple and 
allows the ring wheel 24 to be completely pre- 
assembled with balls 31 and plate springs 33 be- 
fore the planetary gear 1 is assembled. The design 
according to the Invention means that the space 
requirement of the planetary gear in the axial direc- 
tion is small, and in the radial direction no extra 
space is required. Moreover, tiie design of the 
planetary gear 1 according to tiie invention means 
that the conical friction surfaces 15,22 and 14.21 
respectively on the synchronization rings 16,23 and 
coupling rings 10,19 respectively can be arranged 
at a great radial distance from the input and output 
shafts 2,3. This means that the moments, which are 
caused during the synchronization procedure by 
the friction forces, can attain high values. This in 
tum means that the dimensions of the friction sur- 
faces 14.15.21,22, particulariy in the axial direction, 



can be kept within low values and that the whole 
gearbox can be designed relatively short. 

The invention can also be modified within the 
scope of the following patent claims and can be 

6 designed other than has been described in the 
above example. 

Thus, the range of use of the planetary gear 
according to the invention is not limited to that of a 
supplementary gearbox, but instead It can also be 

70 used in other types of gearboxes, for example 
hydraulic automatic transmissions where a number 
of planetary gears are coupled together to each 
other. Similariy, the invention can be used in other 
configurations of coupling possibilities between the 

75 planetary gear parts and tiie input and output 
shafts of the gearbox and the geartDox housing. 

Furthermore, the invention can also be used in 
those synchronization an^angements in which there 
are a number of synchronization rings on either 

20 side of the planetary gear. 



Claims 

25 1. Synchronization arrangement for a planetary 
gear (1) comprising an axially displaceable ring 
wheel (24), two coupling rings (10,19) arranged on 
eitiier side of the planetary gear (1) and with which 
the ring wheel (24) can be coupled together al- 
so ternately in order to achieve different gear posi- 
tions, and at least two synchronization rings (1 6,23) 
arranged between each coupling ring (10,19) and 
tiie planetary gear (1), which synchronization rings 
(16.23) are. on the one hand, designed to be rotat- 

06 able in a limited manner relative to the ring wheel 
(24) and, on the other hand, are designed with 
external locking teeth (41,42) which, during the 
gear change movement, lock the axial displace- 
ment of the ring wheel (24) and the "coupling to- 

40 gether to the coupling ring in question (10,19) until 
synchronous rotation is present, characterized in 
that a number of recesses (30) are arranged at 
both axial ends of the ring wheel (24), each recess 
accommodating a locking body (31), in that spring 

45 members (33) are designed to act radially inwards 
on tiie locking bodies (31) so that they bear against 
the respective synchronization ring (16,23), and in 
that each synchronization ring (16,23) is designed 
with a radial shoulder (38) against which each of 

50 the locking bodies (31) bears during the axial dis- 
placement movement of tiie ring wheel (24) to- 
wards each synchronization ring (16.23) in order to 
transmit an axial force from the ring wheel (24) to 
the synchronization ring (16,23) and in tills way to 

65 establish contact between friction surfaces (14,15, 
21.22) on ti^e synchronization ring (16,23) and the 
coupling ring (10,19). 

2. Synchronization arrangement according to Pat- 
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ent Claim 1 , characterized in that the locking bod- 
ies are designed as balls (31). 

3. Synchronization anrangement according to Pat- 
ent Claim 1. characterized in that the spring mem- 
bers are designed as plate springs (33) extending s 
tangentially between two recesses (30) lying close 

to each other, in that each plate spring (33) is 
secured at its middle on the ring wheel (24), and in 
that each plate spring (33) at its respective ends 
bears against a locking body (31). to 

4. Synchronization arrangement according to Pat- 
ent Claim 1. characterized in that the recesses (30) 
are arranged at tooth apertures (36) in the ring 
wheel (24), and in that the synchronization rings 
(16,23) at these tooth apertures (36) are designed rs 
with axial bars (37) engaging with rotatable play In 

the respective tooth aperture (36). 

5. Synchronization arrangement according to Pat- 
ent Claim 4, characterized in that the locking bod- 
ies (31) bear against each of the bars (37) on the 20 
synchronization rings (16.23). 

6. Synchronization arrangement according to Pat- 
ent Claim 4. characterized in that the shoulders 
(38) are designed in bars (37) of the synchroniza- 
tion rings (16.23) between an axially inner part (39) 25 
and an axially outer part (40) on each bar (37). 

7. Synchronization arrangement according to Pat- 
ent Claim 4, characterized In that each of the 
recesses is designed as a radial hole (30) in the 

ring wheel (24) and is designed with a bottom (32) 30 
which prevents the locking body (31) from being 
pressed completely out of the respective hole (30). 
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